The title compound, C 9 H 7.5 NOÁC 7 H 3.5 ClNO 4 , was analysed as a disordered structure over two states, viz. co-crystal and salt, accompanied by a keto-enol tautomerization in the base molecule. The co-crystal is 4-chloro-2-nitrobenzoic acid-quinolin-4(1H)-one (1/1), C 7 H 4 ClNO 4 ÁC 9 H 7 NO, and the salt is 4-hydroxyquinolinium 4-chloro-2-nitrobenzoate, C 9 H 8 NO + ÁC 7 H 3 ClNO 4 À . In the compound, the acid and base molecules are held together by a short hydrogen bond [OÁ Á ÁO = 2.4393 (15) Å ], in which the H atom is disordered over two positions with equal occupancies. In the crystal, the hydrogen-bonded acid-base units are linked by N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds, forming a tape structure along the a-axis direction. The tapes are stacked into a layer parallel to the ab plane viainteractions [centroid-centroid distances = 3.5504 (8)-3.9010 (11) Å ]. The layers are further linked by another C-HÁ Á ÁO hydrogen bond, forming a three-dimensional network. Hirshfeld surfaces for the title compound mapped over shape-index and d norm were generated to visualize the intermolecular interactions.
Chemical context
In our previous study on D-HÁ Á ÁA hydrogen bonding (D = N, O, or C, A = N, O or Cl) in chloro-and nitro-substituted benzoic acid-pyridine derivative systems, we have shown that several compounds, namely, three compounds of quinoline with 3-chloro-2-nitrobenzoic acid, 4-chloro-2-nitrobenzoic acid and 5-chloro-2-nitrobenzoic acid (Gotoh & Ishida, 2009 ), two compounds of phthalazine with 3-chloro-2-nitrobenzoic acid and 4-chloro-2-nitorbenzoic acid (Gotoh & Ishida, 2011) , and 3-chloro-2-nitrobenzoic acid-isoquinoline (Gotoh & Ishida, 2015) , have a short double-well OÁ Á ÁHÁ Á ÁN hydrogen bond between the carboxy O atom and the aromatic N atom. Hydroxyquinolines, which have hydrogen-bond acceptor as well as donor groups, appear attractive as a base molecule in the above systems for investigating the hydrogen bonds (Babu & Chandrasekaran, 2014; Gotoh & Ishida, 2019) . We report here the crystal structure of the title compound, in which there exists another type of short double-well hydrogen bond, namely, an OÁ Á ÁHÁ Á ÁO hydrogen bond between the acid and base molecules, accompanied by a keto-enol tautomerization of the base molecule.
Structural commentary
The molecular structure of the title compound is shown in Fig. 1 . The acid and base molecules are held together by a short hydrogen bond between atom O1 of the acid molecule and atom O5 of the base [O1Á Á ÁO5 = 2.4393 (15) Å ; Table 1 ]. In the hydrogen bond, the H atom is disordered as indicated in the difference-Fourier map (Fig. 2 ), in which a broad peak along the line connecting the two O atoms is observed. Although two distinct peaks were not clearly observed in the map, the H atom was successfully analysed as being disordered over two positions of the O1 and O5 sites with equal occupancies. The title compound is, thus, interpreted as a disordered structure over two states, viz. the co-crystal, 4-chloro-2nitrobenzoic acid-4(1H)-quinolinone (1/1), and the salt, 4hydroxyquinolinium 4-chloro-2-nitrobenzoate, accompanied by a keto-enol tautomerization in the base molecule. The C10-O5 bond length [1.2956 (18) (Allen et al., 1987) , supporting that hypothesis that the base molecule has an intermediate state between the keto and enol forms.
In the hydrogen-bonded acid-base unit, the benzene ring (C1-C6) of the acid molecule and the quinoline ring system (N2/C8-C16) of the base are slightly inclined to each other by a dihedral angle of 10.27 (6) , while the carboxy group (O1/ C7/O2) is twisted by 38.66 (18) and 45.93 (18) , respectively, with respect to the C1-C6 ring and the N2/C8-C16 ring system. The dihedral angle between the C1-C6 ring and the nitro group (O3/N1/O4) is 50.33 (19) .
Supramolecular features
In the crystal of the title compound, the hydrogen-bonded acid-base units are linked by N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds (N2-H2Á Á ÁO2 i , C8-H8Á Á ÁO5 i and C9-H9Á Á ÁO1 i ; symmetry code as in Table 1 ), forming a tape structure along the a axis (Fig. 3 ). The tapes are stacked into a layer parallel to the ab plane viainteractions formed between the acid molecules and between the base molecules ( Fig. 4) ; the centroid-centroid distances are 3.5504 (8), 3.7141 (9), 3.7382 (10) and 3.9010 (11) Å , respectively, for Cg1Á Á ÁCg1 iv , Cg2Á Á ÁCg2 iv , Cg3Á Á ÁCg2 iv and Cg3Á Á ÁCg3 iv , where Cg1, Cg2 and Cg3 are the centroids of the C1-C6 ring of the 1854 Gotoh and Ishida C 7 H 3.5 ClNO 4 ÁC 9 H 7.5 NO Acta Cryst. (2019). E75, 1853-1856 research communications Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x À 1 2 ; Ày þ 1 2 ; Àz þ 1; (ii) Àx þ 1; y; Àz þ 3 2 .
Figure 2
A difference-Fourier map of the title compound associated with the OÁ Á ÁHÁ Á ÁO hydrogen bond between the acid and the base. The map was calculated on the plane of atoms O1, C7 and O5 from a model containing all atoms apart from the H atom in the hydrogen bond.
Figure 1
The molecular structure of the title compound, showing the atomnumbering scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
acid molecule, and the N2/C8-C11/C16 and C11-C16 rings of the base molecule, respectively [symmetry code: (iv) Àx + 1 2 , y À 1 2 , z]. The layers are further linked by another C-HÁ Á ÁO hydrogen bond (C3-H3Á Á ÁO4 ii ; Table 1 ), forming a threedimensional network.
In order to visualize the intermolecular interactions, Hirshfeld surfaces for the acid and base molecules of the title compound, mapped over shape-index and d norm (Turner et al., 2017; McKinnon et al., 2004 McKinnon et al., , 2007 , were generated ( Fig. 5 ). Intermolecular hydrogen bonds of N2-H2Á Á ÁO2 i , C3-H3Á Á ÁO4 ii and C8-H8Á Á ÁO5 i (Table 1) are represented as faint-red spots on the d norm surfaces [arrows (1)-(3)]. Theinteractions between the benzene rings of the acid molecules [Cg1Á Á ÁCg1 iv ] and between the quinoline ring systems of the base molecules [Cg2Á Á ÁCg2 iv , Cg3Á Á ÁCg2 iv and Cg3Á Á ÁCg3 iv ; symmetry code: (iv) Àx + 1 2 , y À 1 2 , z] are indicated by blue and red triangles on the shape-index surfaces [arrows (4) and (5)].
Database survey
A search of the Cambridge Structural Database (Version 5.40, last update August 2019; Groom et al., 2016) for organic cocrystals/salts of 4(1H)-quinolinone (keto tautomer) showed one structure, namely, 4-amino-1-(2-(hydroxymethyl)-1,3oxathiolan-5-yl)-2(1H)-pyrimidinone 4(1H)-quinolinone (refcode COWTAK; Bhatt et al., 2009) . The structure of the 4(1H)-quinolinone itself was reported by Nasiri et al. (2006; NICIOZ) . The C O bond length in COWTAK is 1.265 (7) Å and those in NICIOZ are 1.2686 (16) and 1.2742 (15) Å , which are shorter than the C10-O5 bond length of 1.2956 (18) Å in the title compound. No structure was found in the CSD for organic co-crystals/salts of 4-hydroxyquinoline (enol tautomer). A search for organic co-crystals/salts of 4-chloro-2nitrobenzoic acid with base molecules gave eight compounds. Of these compounds, disorder of H atom between the acid O atom and the base N atom was observed in two compounds of 4-chloro-2-nitrobenzoic acid with quinoline (AJIWUM; Gotoh & Ishida, 2009 ) and phthalazine (CALKAD; Gotoh & Ishida, 2011) .
Synthesis and crystallization
Single crystals of the title compound suitable for X-ray diffraction analysis were obtained by slow evaporation from (2) and (3)] and -[arrows (4) and (5)] interactions.
Figure 3
A packing diagram of the title compound, showing the hydrogen-bonded tape structure formed via the OÁ Á ÁHÁ Á ÁO, N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds (dashed lines). [Symmetry codes: (i) x À 1 2 , Ày + 1 2 , Àz + 1; (iii) x + 1 2 , Ày + 1 2 , Àz + 1.] an acetonitrile solution (130 ml) of 4-hydroxyquinoline (0.075 g) with 4-chloro-2-nitrobenzoic acid (0.106 g) in a 1:1 molar ratio at room temperature.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms except one H atom between the two O atoms (O1 and O5) of the acid and base molecules were found in a difference-Fourier map. A broad peak in a difference-Fourier map between atoms O1 and O5 was observed (Fig. 2) . Although two distinct peaks were not observed in the map, the H atom between the O atoms was analysed using a model of an H atom disordered over two positions. The occupancies of the two sites were refined to 0.47 (4) and 0.53 (4) for H1A (O1 site) and H1B (O5 site), respectively, with bond restraints of O-H = 0.84 (1) Å and with U iso (H) = 1.5U eq (O). In the final refinement, the occupancies were fixed at 0.5, and one outlier (6,8,13) was omitted. The N-bound H atom was refined freely [refined distance: N2-H2 = 0.89 (2) Å ]. Other H atoms were positioned geometrically (C-H = 0.95 Å ) and treated as riding, with U iso (H) = 1.2U eq (C).
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4-Chloro-2-nitrobenzoic acid-quinolin-4(1H)-one (1/1)-4-hydroxyquinolinium 4-chloro-2-nitrobenzoate
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0488 (7) 0.0572 (7) 0.0257 (5) −0.0068 (6) 0.0010 (5) −0.0078 (5) O2 0.0363 (6) 0.0585 (7) 0.0321 (5) −0.0033 (5) 0.0060 (5) −0.0043 (5) O3 0.0385 (7) 0.0637 (8) 0.0468 (7) 0.0164 (6) 0.0004 (5) 0.0024 (6) O4 0.0434 (8) 0.0792 (10) 0.0681 (9) −0.0088 (7) −0.0108 (7) −0.0217 (8) O5 0.0290 (5) 0.0565 (7) 0.0273 (5) 0.0005 (5) −0.0025 (4) −0.0066 (5) N1 0.0338 (7) 0.0594 (8) 0.0282 (6) 0.0038 (6) −0.0041 (5) −0.0013 (6) N2 0.0314 (7) 0.0430 (7) 0.0391 (7) 0.0016 (6) −0.0090 (6) −0.0023 (6) C1 0.0325 (7) 0.0384 (8) 0.0245 (6) 0.0037 (6) −0.0003 (5) 0.0010 (6) C2 0.0313 (7) 0.0415 (8) 0.0271 (7) 0.0038 (6) −0.0007 (5) 0.0011 (6) C3 0.0424 (9) 0.0437 (8) 0.0257 (7) 0.0029 (7) 0.0007 (6) −0.0008 (6) C4 0.0429 (9) 0.0421 (8) 0.0281 (7) 0.0061 (7) 0.0093 (6) 0.0020 (6) C5 0.0317 (8) 0.0484 (9) 0.0366 (8) 0.0036 (7) 0.0045 (6) 0.0062 (7) C6 0.0315 (8) 0.0424 (8) 0.0297 (7) 0.0019 (6) −0.0004 (6) 0.0028 (6) C7 0.0307 (7) 0.0447 (8) (7) 0.0008 (6) 0.0027 (6) −0.0010 (6) C10 0.0298 (7) 0.0337 (7) 0.0282 (7) −0.0004 (6) −0.0010 (5) −0.0004 (6) C11 0.0321 (7) 0.0320 (7) 0.0277 (7) 0.0004 (6) −0.0008 (5) −0.0002 (6) C12 0.0345 (8) 0.0485 (9) 0.0326 (7) 0.0000 (7) 0.0011 (6) −0.0042 (7) C13 0.0492 (10) 0.0633 (11) 0.0350 (8) 0.0040 (9) 0.0094 (7) −0.0065 (8) C14
0.0653 (13) 0.0669 (13) 0.0279 (8) 0.0087 (10) 0.0002 (8) −0.0072 (8) C15 0.0550 (11) 0.0523 (10) 0.0304 (7) 0.0077 (8) −0.0124 (7) −0.0048 (7) C16 0.0365 (8) 0.0318 (7) 0.0311 (7) 0.0018 (6) −0.0042 (6) −0.0016 (6) Geometric parameters (Å, º) 
